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Abut r act 

The BlOfl American National Standards Committee la 
currently preparing a new standard lor the dcalitn o( trans- 
mission shafting. A design procedure, proposed (or use in 
the new standard, (or computing the diameter o( rotating 
solid steel shalts under combined cyclic bending and steady 
torsion Is presented. The formula Is based on an elliptical 
variation o ( endurance strength with torque exhibited by 
combined stress (atigue data. Fatigue (actors are cited to 
correct specimen bending endurance strength data for use 
in the sha(t formula. A design example Illustrates how the 
method is to be applied. 

Introduction 

The Judicious design o( power transmission shafting Is 
not only Important from a mach'ne reliability standpoint but 
from exist and energy conservation stand|xdnts as well Al- 
though the prime design consideration Is whether the shaft 
will provide adequate service life, that is, whether It will 
resist fatigue failure. It Is seldom the only design consid- 
eration The shaft must also be stiff enough between sup- 
ports to limit deflections of key power transfer elements 
and sufficiently stiff to avoid vibrational excitation. How- 
ever, our working knowledge in these other areas Is more 
complete In comparison to our limited knowledge of the fa- 
tigue behavior of materials in shafting applications 

Applying experimentally generated fatigue data to shaft- 
ing design is certainly not a new approach. However, rarely 
does the shaft designer have the appropriate fatigue data at 
his finger tips which matches his application. Although 
running screening tests on prototype parts is the most pru- 
dent approach, very few organizations can afford the cost 
and time associated with long term endurance testing Usu- 
ally the designer can consult a number of design references 
(1,2) containing shafting ilesign formulas that give accept- 
able designs for the majority of applications. However, 
there Is not always consistency from formula to formula. 
There Is often confusion as to which fatigue factors to use 
and what Importance to place on them. 

Recognizing the need for a unified, national design 
standard for power transmission shafting, the ASM'' orga- 
nized the American National Standards Committee B106 
The Committee's objective Is to replace the obsolete code 
for the IX-sIgn Transmission Mia/tlng, ASA-B17C which was 
officially withdrawn in 195-1. Its principal shortcoming was 
that it did not directly consider flexure fatigue as the prin- 
cipal (allure mode. At present, the B106 Committee has 


analyzed several sets of published combined stress fatigue 
data for alloy steels and hus tentatively selected a de«'gn 
method for computing shaft diameters for common loading 
conditions. To providr additional experimental support for 
a new shafting design standard, the Bl‘>6 Committer has 
proposed a test program to further quantify the effects of 
combined reversed bending and steady torsional stress on 
several common shafting steels. It is the purpose of this 
paper to review the shaft design procedure pro|x>sed by the 
BlOtt Committee and to Illustrate how It might be applied In 
a typical design application. 

Fatigue I allure 

Ductile machine elements subjected to repeat fluctuating 
stresses above their endurance strength but below their 
yield strength will eventually fall from fatigue. The insidi- 
ous nuturc of faitguc Is that It occurs without visual warning 
at operating stresses below plastic deformation. .4iafta 
sized to avoid fatigue will usually be strong enough to avoid 
elastic failure, unless severe transient or shock overloads 
occur. 

Failure from fatigue Is statistical In nature Inasmuch 
as the fatigue life of a particular specimen cannot be pre- 
cisely predicted but rather the likelihood of failure based on 
a large population of specimens. For a group of specimens 
or parts made to the same specification the key fatigue var- 
iables would be the effective operating stress, the number 
of stress cycles and volume of material under stress Since 
the effective stresses are usually the highest at points along 
the surface where discontinuities occur, such as keyway s, 
splines, and fillets, these are the points from which fatigue 
cracks are most likely to emanate. However, each volume 
of material under stress carries with It a finite probability 
of failure. The product ol these element probabilities (the 
"weakest link" criterion) yields the likelihood of failure for 
the entire part for a given number of loading cycles This 
is underlying reason why larger shafts generally have short 
er fatigue lives than smaller shafts under the Identical 
stress levels (1,2). 

Al present there is no unified statistical failure theory 
to predict shafting fatigue. However, reasonably accurate 
life eatlmates can tie derived from grneral design equations 
coupled with bench- type fatigue data and material static 
properties. Fatigue test iata Is usually obtained In a 
rotattng-beam tester under the conditions of reversed bend- 
ing. The data generated from these machines are usually 
plotted in the form of stress-life (S-N) diagrams. On these 
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d'ugmms, the handing stress nt which the s|»ec imens did 
>1 

not (all. after at least 10 eyelet (or tlcel, la commonly 
rdefretl to aa the endurance limit Due to teal data .caller, 
the endurance limit valuea iletermlne Irom S-N dluiirama 
usually represent some sort ol mean value and must be 
slatlsllcally corrected (or higher reliability levels as will 
be discussed later. It Is customary to consider that design 
stresses less thun the endurance limit will produce an 
"Infinite*" life design This Is misleading since no part can 
have a ion percent probability o( survival 

Fatigue I ndcr Combined Stresses 

For applications where a simple fluctuating stress of 
the same kind Is acting, (or example, a steady bonding 
stress superimposed on a reversed bonding stress, a 
hoderberg (allure line connecting the endurance strength 
with the yield strength provides an acceptable design It, 2) 
However, most power transmission shafting Is subjected to 
a combination o( reversed bending stress la rotating shall 
with constant moment loading) and steady or nearly steady 
torsional stress. Although a large body of test data has 
been generated (or the simple stress condition, such as 
pure tensile, flexural or torsional stress, little Informa- 
tion has been published for the combined stress condition 
This Is most likely due, In port, to the additional complex- 
ity and cost In making » reliable, high speed combined 
stress fatigue tester. However, some cyclic bending and 
static torsional fatigue test ilalu was reported by Kececloglu 
and l.ulll In |3) and Davies In HI In (3), the endurance 
limit characteristics of notched Alhl 1310 steel specimens 
was determined for theoretical bending stress concent ra- 
tir.l factors of 1. 12 and 2.31. In (1), 3- percent nickel and 
nickel- chromium steel specimens were fatigue tested under 
the same stress combination In a modified Wohler machine. 
The results from both these experiments appears In fig 1, 
where the reversed bending strength (or life greater than 
10** cycles is shown to decrease with an Increase In 
static shear stress t> b . C< aside ring that either fatigue frac- 
ture or torsional yielding represents failure, the following 
elliptical relation reasonably fits the data: 



In this equation, Is the reversed bending endurance 
strength of the test specimen under bending onlv and 
Is the Unslonn) yield strength 

tile failure relation of cq (1), is similar to that ob- 
served by Clough and Pollard in |5) (or rotating- beam speci- 
mens loaded und?r reversed bending In phase with reversed 
torsion as shown In fig. 2. This data together with that 
shown In fig. 1 arc in reasonable agreement with the dis- 
tortion energy or von Mlses-Hencky failure criterion. This 
theory predicts sial ic clastic (allure when the distortlonal 
energy under combined stresses iquals or exceeds that In 
simple tension or bending. There Is u great deal of experi- 
mental evidence which Indicates that ol all the failure 
theories, the distortion- energy theory most accurately 


predicts yielding of ductile materials under static loading 
However It Is not clesr why the distortion- mer© theory 
seems also to hold for some fatigue failures as well. 

The distortion- energy elliptical lailure relation Is not 
the only one to be proposed for combined cyclic bending and 
static torsion loading The tests performed bv Ono (6) and 
Lea and Hodgcn |T) suggest that the bending endurani e 
strength of steel Is unaffected by the presence ol a static 
toralonal stress, even above the torslo tal yield strength 
Based. In part, on this test informattm. Wcllnucr «H) rec- 
ommends that the allowable bending endurance strength and 
the allowable static torsional stress for genr drive shafts 
be calculated sc|uiralely. A comparison between separate 
stress and combined stress shaft methods < s Illustrated In 
fig 3 From a reliability stand|x>int, the ci mb'. led stress 
relation o( eq. It) will produce a slightly more conservative 
urn I thus safer design However, the dlfferei."es are not 
great • For most designs, the difference In shaft diameters 
will be less than 15 percent The combined stress fa'.lguc 
data which the HlOtj Committee proposes to generate will 
help clarify this matter 


■Shaft Design Formula 

For design pur|xiscs, allowable strength values must be 
Incorporated Into iq III as follows: 
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where 

b allowable shall endurance limit, psl - S / FS 

ca c 

S allowable shaft torsional yield strength 

pal - 8 gya /Fh 

reversed bending stress, psl 32 M./xif* 

S mean torsional stiess, psl * 16 T/ird' 

s m 

reversing bending moment, tn-lb 
T m mean statti torque. In- lb 
d shaft diameter, In 

FS factor of safety 


Krarranging eq 12) and noting that for most wrought steels 
v • sN 7 ' results In the following formula for computing 
the diameter ol rotating shafts under reversed tx'ndlng und 
steady torsional stress (less thun torsional yield) with negli- 
gible axial loading 



Eq. (3) Is the basic shaft design equation proposed for the 
BIU6 transmission shafting stondnrd. It Is also similar to 
shaft formulas recommended by several design specialists, 
e. g. , (1,6), and Identical to that appearing In (2) which was 
derived theoretically from the distortion-energy (allure 
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theory iw applied to fatigue loading using (he tlodorberg 
criterion. 


Fatigue Modifying; Factors 


In o<(, {!)), the reversed bending strength of the shaft 
to bo designed, to generally different limn the endurance 
limit ot romitag-bciun specimens, S ( , u , commonly listed In 
design tables such tin In (10),. A number of servleo factors 
have been Identified by Marin (11) which can be need (o 
modify the tateor reeled bonding onduratee limit of lest 
specimen, s r0 , ns follows: 
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whore 

8 0 corrected reversed bending endurance limit of the 
aliit.fl 

b ( . e reversed bending endnrimee limit of the rotnung- 
beam specimen 

Is,, surface finish fnelor 

Ik 6,ze factor 

fc c reliability factor 

k ( j temperature factor 

l« 0 duty eyrie factor 

h'j- fatigue stress concentration factor 

Ifj, mlscellnnccius effects factor 

At (he time of this writing, tim B1U13 Committee turn not y< 
made a final determination of the values for these factors 
which would be suitable for n shaft design code. The follow- 
ing dismission is intended to briefly highlight rallies com- 
monly found for these fnctora in die open literature and to 
refer (tie reader to references where move tndeplh Infor- 
mation entt be found. 

U„, surface factor. - Since 11 k shaft surface Is the 

most likely place for fatigue cracks to start, surface condi- 
tion significantly affects cmlurnneo limit us shown In 
fig. •!, from (1). This figure is based on a compilation of 
teat data from several investigations for a variety of fer- 
rous metals and alloys. The figure shows that Uic endur- 
ance ehnrneterlstleg of higher tensile strength steels are 
more adversely effected by poorer surface finish. 

l.-y, size factor. - There Is considerable experimental 

evidence that llio bunding and torsion fatigue strength of 
largo engineering parts cod be significantly less than the 
small test specimens, 0.30 In, hi diameter (10, 12). This 
size effect is nUrlbukd llio greater volume of mntcrlnl un- 
der stress ti«\( thus, mo greater likelihood of encountering 
u potential mtlgue initiating defect in the mntorinlfii metal- 
lurgical structure. 

Although there is n ll.ek of complete quantitative agree- 
ment between the many iuvustlgntioiis of the influence of 
sine, (ID) roemnim nets lluit « design allowance of 10 to 
13 percent lower fatigue strength be given for specimens of 


up to 2 in. In diameter. For machine parts larger in diam- 
eter than this, oven a greater reduction In failgoe strength 
may bo required. Accordingly. Um size factor, kj, eon be 
selected no follows: 

lijj Shaft dlmueler, In. 

1.0 dcO.d 

.85 I),3n|c2.0 

e.Bti dlsCo 

l« t ,, reliability factor. - Even under well controlled teat 

eonditlons, It la clear that llio unavoidable variability In the 
preparation of teat s|>eutmens ami their metallurgical struc- 
ture will cause a variability In their measured endurance 
strengths. Endurance limit data published In standard tlo* 
sign references umudly represent mi average value of en- 
davimce for the sample of lest specimens. Moat designs 
require n much higher survival rate (him CO percent, (hat 
Is the , fobabllity Hint at least half of (lie |K)pulatlon will not 
fall In service. Consequently, endurance limit values must 
be reduced by some amount to Increase reliability, ’llie 
amount of Utta reduction Is dependent on the failure distri- 
bution curve. Several design test, o.g. , (1,2), suggest 
reliability factors based on "Normal" or "Gaussian" failure 
curves can be used when specific lest values are not avail- 
able. A reliability fnelor value, It “ 0, 3 Is generally cited 
for a 00 [wveent survival rate, based on an assumed stand- 
ard deviation of 8 percent of the endurance strength (1,2). 
i>**s csllmalcd standard deviation Is close to the recom- 
mended standard deviation of 7 percent ioixirlcd by 
Kueueloglu and LaHl (3). 

As an alternate to the normal distribution, the IVeiboH 
distribution (12) should bo Investigated, It is very effective 
In representing rolling- contact fatigue for bearings and 
gears and should lit shading fatigue data more eiosely limit 
either the normal or log-normal distributions. 

k ( j, temperature fnelor. - Operating temperatures higta 

or than about 200 F or lower than about -50° F etui have a 
significant effect on the fatigue limit of steels (2). Accord- 
ing to the data presented in (2), at low temperatures (to 
-200° F) carbon and alloy steel beta iwssess significantly 
greater bending endurance strength. As the temperature to 
increased to approximately 700° F, carbon steels actually 
show a small improvement In endurance strength relative to 
room temperature values while the endurance strength of 
alloy steel (AiSMSdO) slightly decrease (2), At elevated 
temperatures, above 8U0° F, die fatigue resistance of belli 
types or steels drops sharply as Die effeels or creep mid 
loss of material strength properties become move pro- 
nounced. 

k„» duly eyele factor, - Shafts arc selifom exposed to 

constant loading in service. Slurtaslop cycles, transient 
overlonds, vibrnttono] or shock loading (Mid changes in the 
load spectrum oi die equipment driven by llio shaft must be 
considered by the design. The principal question Is how 
much endurance strength to left In the shaft material width 


lmu already bum oqioaed to cyclic streas for given number 
of stress cycles. 


because fatigue la a cumulative stress cycle phenome- 
na, occasional stoji-stnrt cycles iiiiii transient overloads 
totaling u relatively few stress cycles would be expected (o 
have relatively little effect on fatigue life. A number of ex- 
ited mental In vest! gallons reported In (12) tmlleate that re- 
pealed application of stresses below the fatigue limit, that 
is umlorslresslng, may actually Improve (lie material's en- 
durance limit. Thus, for iipidt cations wliore tile cyclic 
stresses vary in magnitude, but none exceed the endurance 
limit i> r0 of Uie material, k e a l would provide a conserva- 
tion design. However, sluifls subjeeled to stresses greater 
than i> (Uiat Is overstressing) for a significant number of 
stress cycles would adversely affeeL the material's endur- 
ance properties (12). At present, (he available data is too 
Inconsistent to quantify (lie duty cycle factor for llte ef- 
fects of overstresaing. Reference (l) discusses a potential- 
ly useful design method, which currently lneks sufficient 
suptwrtlve lest data, to graphically adjust the endurance 
limit on an S-N diagram, For overall easing, some de- 
signers, e.g. , (2), advocate a Minor's rule or linear cumu- 
lative damage theory approach. However, there is some 
experimental evidence (12) which ImSlcatea Unit the theory 
generally gives slightly ovcropllmistte results for steels 
when high stresses are applied first in the loading sequence. 

kj, fatigue stress coneentrntiuii factor. - Experience 

has shown that a shaft fatigue failure almost always occurs 
at a notch, hole, keyway, shoulder or oilier discontinuity 
where the effective stresses have been amplified. The ef- 
fect or a stress concentration on the endurance limit of the 
shaft is represented by die fatigue stress concentration fac- 
tor kj, who iv 


.... endurance limit of the notched specimen 1 
endurance limit of a specimen free of notches Kj. 

mid where Kj u fatigue-strength reduction factor. 

Experimental data (12) Indicate that low strength steels 
are significantly less sensitive in fnllgue to notches than 
higli strengtlt steels. The notcii sensitivity, tj, of material 
etui bo used lo relate fatigue strength reduction factor Kj 
to the theoretical (static) stress concentration factor K ( 
as follows: 


K f “ 1 +i|(K t - 1} (0) 

"J'lio appropriate tlieorotlcal sit-ess concentration faelor, 
Kj. fo be used in eq, (0) is die value for bending. Tills Is 
because die fatigue stress concentration factor, kj is used 
(o modify the specimen's bonding endurance 1* lit, S r(J . 
Corroborating this nppronch is the data shown in fig.’ I from 
(d) which was generated wltli two different notch geometerles 
(Kj u 1.4h mid 2. :M in bending) and yet follows tlte same 
failure line as given tn eq, (1). Values for Kj and q ciui 
be found In several design references, such as ( 1 , 2 , 10 , 12 ). 
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miscellaneous factors. - There arc numerous ma- 


terial processing and service factors which are hnewn (o in- 
fluence (he endurance characteristics of the shaft but have 
nut yet been fully quantified. These factors include, heat 
treatment processes midi as enrburtahig, nllcldtng, flame- 
hardening, etc., which increase surface strength. Cold 
working processes, such ns shot peenliig, railing and draw- 
ing usually generate beneficial residual comptessive 
stresses, Vacuum-processing of the steel melt would pro- 
vide cleaner metallurgical struclure with loss defects and 
improved fatigue resistance. Stress corrosion and .Vetting 
corrasfon, plating, ami welding generally have an adverse 
affect on emtiirnacc. There are only some of Um factors 
which should bo considered when the application warrants 
it. A inure thorough discussion of these and other mlaeel- 
liuieous fatigue factors can be found from several metal 
fatigue references such as (10,12). 


Shaft Design Example 

Tlio spindle drive shaft shown in fig. G Is lo be inc- 
chined from AISI-CIO'IG steel, cold drawn to a iJrinell hard- 
ness of 217. The spindle currier a steady torque of UiOO 
in- lbs ami rotates at 0 000 rpnt under die loads shown. Oj>- 
orattng temiierntures are expected nut lo exceed 150° p ami 
the operating environment will be noneorrasive. The sliaft 
Is to be designed for "infinite" life (greater than ll) G cycles) 
for a survival rale of 00 percent. 

The material properties of cold drawn, AlSt- CHUG 
steel are given In (1) as 


by “ 90 ksl S u >■ 100 ksl 

Wien test data Is not available for the endurance 
strength of tlio material, It is generally recommended 
(I,2,i0,l2) Hint Hie endurance limit of polished steel speci- 
mens with tensile strengths less tlmn 200 000 psl can bo 
taken as 50 pel cent of the tensile strength, S (| . Tima the 
uncorreeted endurance limit can be estimated ns: 


&_,.=■ 0,6 S„ eoi.Bkhl 

1 u u 

From fig. -i, for n machined shaft with {F « 102 ksi, 
k fl 11 0.73 

Estimating tlio shaft diameter tobe less limn 2 in. but 
greater tlmn 0.2 In. , I< b “ 0. 85. The design calls for a 
90 percent survival rate, so k “ 0. 9. 

The temperature will not be elevated, so k^l, 

The torque loading is applied steadily, so It^ “ 1. 

Finally Hie critical ixiuit along the shaft 1ms been iden- 
tified at a shoulder of i/H in. fillet radius. (See fig. S). 
Tentatively selecting an estimated shaft diameter of 
0.75 In., the theoretical bending stress concentration fac- 
tors for a shall fillet is R* t « 1. fi and notch sensitivity fac- 
tor, q « 0.87 for steel with g (1 a 103 ksl mid a fillet radius 
“ 0.125 in. from (2). 
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From isjs, IS) n»d 111) wo can calculate this fatigue 
stress concentration factor. 

1 1 +0.87 (l.S- it 

Because of Um noncorronlve environment uml no uu- 
utninl operating conrtttlonB, sot Ug“l« 

Wo cum now determine the corrected endurance nlrnuRlh 
by weimu of on. frll 

a (t) . 73)fO . 8 B) 10 . 9) U) UH3. 1 0) (1) (5 1 . 5) 

-21M ksi 

Thu bending moment Mj, nt the (shoulder Is 155 In—lti 
tia shown from Hit- 3(b) and the to mile Tjj In given us 
lOUti In-lb. !n conventional deatfiii applications, the 
B l„ of unfoty should bo »l louse hit) percent. for n safe tkv* 
slgn, so tlm Factor af Safety . FS, can bo sot equal to 2. 

With ihj, (II) and the above design CfirbiMea, Urn re- 
quired shaft diameter d to 



W 0,51 III. 


This diameter Is somewhat smaller than tK first esti- 
mate oft). 75 In wlilrh was used to select K,, so a new 
viiiite of i< L can bo selected based on d 1J 5.Ul In. middle 
compulation > epenteri. 

During ilelornihied the required shall diameter to wllli- 
stimd fatigue loading, a calculation should be made to de- 
termine If lids diameter is also sufficiently large to pre- 
vent elastic failure under the severest loading conditions, 
-After determining Unit the abaft Is sufftetentiy strung, the 
next step wettli) bo to calculate shaft deflections, parltruLn- 
iv dm shaft slope under (be bearings and to cheek for crit- 
ical speeds. 

Concluding Pcmarks 

A simple design formula far computing Ihe dlnnictor of 
rotating aolti! steel shafts under cyclic bending and steady 
to epic baa been present ed. It considers the (lexuru fatigue 
charnel eristics of the shaft mulertat *ad makes allowances 
for application factors which might reduce the endurnnre 
strength values from those cited In design testa for (xdlsbed 
I'olnttiig-bcam (Specimens*. The design formula was predi- 
cated on an elliptical combined stress failure relation dcs- 
\*eto|«o«l from fatigue test data published by two Independent 
Investigators. The design formula can also be theoretically 
derived from the distortion energy or vmi Mlses-Henekey 
failure erllevlun. Based on the above, lliu proposed method 
seems to be a reasonable basis for n natlonnl standard 
shaft selection procedure. However flic approach presents.’;! 
is far from being comprehensive. The effects of complex 


stresses on fatigue strengths of metata la not well tinder- 
afuod. More experimental dal', is needed to Increase eon- 
fl donee in ibo proponed method and lo fill In gaps In oar un- 
derstanding or factors which liiBnence fiiilgno rt length. 

In recognition of Hie work stlU neoded lo tw done, die 
IMOii Smiling standards CoimistUeo has catnL.;sUed a test 
program to Investigate (lie effects of cyclic bending and the 
hteadj’ torsion on the fatigue clmrae to visiles of several com- 
mon iiulastrlnl shiiftlug steels. The effects of mill condi- 
tion, luminous and bending- alveus concentration will also be 
examined as outlined in the leal matrix appearing In table I 
from (121 
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Case* 

Material 

Mill 

Tensile Mrength, p*>i 

Brincll 

Theoretical bending 

Cutoff 

limit, 

10° cycles 



condition 

Yield 

l ltimatc 

hardness 

number 

stress concentration 
factor 

■ 

A I hi- 1018 

1 lot- rolled 

13 000 

65 000 

1 13 

1.00 

6 

II 

AIM- 10 13 

Hot- lulled 

59 000 

98 000 

212 

1.00 

G 

III 

AIM- 10 13 

Hot- rolled 

39 000 

98 000 

212 

2.00 

G 

IV 

A I hi- 11 10 

Cold- drawn 

90 000 

102 000 

223 

1.00 

6 

V 

a i hi- mo 

Colil- drawn 

90 000 

102 000 

223 

2.00 

G 

VI 

AIM- 11 10 

Cold-drawn 
at 1000° F 

131 000 

153 000 

302 

1.00 

20. 4 


*12.1 sjxeimens arc required for each case. 




RE VERSED BENDING STRESS AT EN DURANCE LIMIT 
ENDURANCE LIMIT IN PURE BENDING 


Ni-Cr-Mo STEL. AISI 4340 (FROM REF. |3|> 
O K t *1.4? (BENDING) 

O K t * 2.34 (BENDING! 

□ Ni-Cr STEEL <ROM REF. |4|) 

O 3.0% Ni STEL (FROM REF. [4 1 ) 



STATIC TORSIONAL STRESS ^s 
TORSIONAL YIELD STRENGTH' S sy 


Figure 1. - Combined stress fatigue test data for reversed 
bending in comMn 3tion with static torsion. 


O 0. 1% CARBON STEL 
□ 3. 5% Ni-Cr STEL 



RE NURS ED TORSIONAL STRESS AT ENDU: ANCE LIMIT S sr 
ENDURANCE LIMIT IN PURE TORS.uN ' Sy, 


Figure 2. - Combined stress fatigue test data for reversed 
bending in combination with reversed torsion (from 
ref. |50. 


REVERSED BENDING STRESS, 



ALLOWABLE TORSIONAL YIELD STRENGTH. St 


SURFACE FINISH FACTOR. 


6SY 



Figure 4. - Modifying factors for surface finish 
tfrom ref. (11). 


M (in. 



ID) BENDING MOi'.fNT DIAGRAM. 

igurc 5. - Spindle drive ohjft. Machined Irom A I S I -CIO-15 steel 
(cold drjv.n). 



